ABSTRACT. Data presented in an appraisal of the value of soil maps for the agricultural classification of land in County Londonderry have been re-examined. Mean values of the gross profit margins in ? per ha are given for oats, barley, potatoes and livestock and for hypothetical whole farms of 40-5 ha, together with their standard deviations and coefficients of variation within soil series. Variation within series ranged from 2-7 to 13-6 per cent. The proportion of the variance accounted for by the series classification ranged from o to 82-9 per cent depending on the enterprise. The soil map had some value for predicting the profitability of all the enterprises considered, and for potato growing was very good indeed.
A RECENT paper by J. G. Cruickshank and W. J. Armstrong in Transactions No. 53 (I97I) analyses the value of conventional soil maps for classifying agricultural land and predicting its productivity. Although not the only purposes for which soil maps are made, these are important ones, and the utility of soil maps needs to be studied, especially in view of the cost of surveys. Such studies present many problems, some indicated by the authors who are warmly commended for attempting to overcome them.
The authors concluded (p. 92) that conventional soil maps, showing areas divided into classes according to soil morphology 'do not readily provide mapping units usable for agricultural land classification', a view disappointing to practising soil surveyors and to agricultural advisors and planners who use soil maps. However, Cruickshank and Armstrong's results support conclusions other than those they drew, and on re-examining their data we see a more heartening alternative.
Their paper reported data from seven to nine farms on each of seven soil series in the Roe Valley in Northern Ireland, making fifty-seven farms in all. For each farm the authors collected data from which to make approximate calculations of the gross profit margins per hectare of oats, barley, potatoes, livestock, and of the gross margin/40o5 ha for a hypothetical 40-5 ha farm on the same soil series and with the same combination of activities as each farm sampled. Unfortunately not all farms sampled grew all crops, so there are only 34, 3I and 30 sets of data for oats, barley and potatoes respectively; each of these was unrepresented on one or two soil series, and poorly represented on a further one or two series. Either one or two subsoil samples from each farm were analysed for seven soil properties. Where there were two analyses from a farm they were averaged. 'Soil data for R.WEBSTER AND P.H.T.BECKETT seven farms were not usable so the total sample was reduced to fifty' (private communication from the authors). Neither the number of farms on which duplicate samples were taken nor those for which the data were rejected are indicated, and sample-to-sample variation in soil properties cannot be distinguished from the farm-to-farm variation (authors' Table II) .
The authors calculate the variances of the gross margins of each activity within the soil series and regressions of gross margins on the soil analyses. Finally they calculate, from the soil analyses, by means of regressions, the hypothetical gross margins of each activity on each farm, and present an 'intra-series variance estimate' of these hypothetical gross margins. As should be expected, these indirectly estimated variances are greater (for all but oats) than the direct estimates. When the authors use these variances they find no significant differences among soil series for four of the five enterprises, and conclude that soil series maps have disadvantages for agricultural land classification (p. 79).
Superficially the gross profit margin of an agricultural enterprise seems an admirable test variable by which to judge the success of a soil classification or of an alternative regression model. However, it has some weaknesses. It takes no account of differences of capital investment needed to manage different soils to the best advantage. For example, if some kinds of soil need to be drained artificially while others do not, then a portion of the capital costs of drainage should be deducted from the gross profit margin before proceeding with analysis. The authors do not say whether there were such differences. Further, no account is taken of differences in choice of crop varieties, timing of cultivation, and the like, imposed by differences in soil type but not reflected in different costs. Indeed, the figures for gross margins for livestock used in this study are simply the average values for Northern Ireland as a whole (p. 85). Ideally we need to distinguish the standard of management, which was apparently fairly constant in the study area, from detailed management practices, which almost certainly were not. Analysing gross margins therefore provides only a part of the picture.
The authors' Table III presents the average gross margins for oats, barley, potatoes, livestock and total farm enterprise from sampled farms grouped by soil series. The measurement units are ?/ha, or, in the case of the whole farm, ?/40.5 ha (ioo acres). From these data we have abstracted or calculated the means, standard deviations and coefficients of variation (CV) within series ( Table A) . CVs of gross margins need to be interpreted with caution, because no farmer can let his gross margins fall below his fixed costs and stay in business. Had the calculations been made, for example, on net profits the means would have been smaller, and hence the CVs larger. We have also calculated (Table B) the total variance of each enterprise over all farms sampled and the proportion of the variance accounted for by the soil classification, and compared this proportion with that given by the authors (their Table V ) for the regression model.
Despite our cautionary notes on gross margins and their CVs, it nevertheless seems that the variation within soil series (Table A) is at worst moderate (I2-I4 per cent for oats and livestock), and at best very small (2-7 per cent for potatoes). For whole farms the proportion of variance accounted for by the soil classification (Table B) is less than that accounted for by the regression. Gross margins for oats vary as much within soil series as within the landscape at large. On the other hand the soil classification is very good for potatoes, and much better than the regression. For barley and livestock the classification is moderately effective and only slightly less good than the regression. The comparisons would be more informative had they remained unbiased by the subjective rejection of data from seven farms. Even so, the data show that the soil classification has value for predicting agricultural profitability, especially for potato growing. In fact we know of no better illustration of the utility of soil classification than this last. The success of a soil classification in predicting the profitability of whole farms can be expected to be less than for individual crops because, just as farmers manage each soil type in the best way to grow a particular crop, so will they surely choose the most profitable enterprises at the expense of others for their soils. Hence variations in profit from soil to soil will be smoothed out. It should be remembered that the soil series on a farm or in a field can be identified in a few minutes by auger or spade: the seven properties on which gross margins were predicted by regression also require a farm visit to collect the soil sample, as well as the cost and trouble of analyses.
The authors' Table III reveals more. Some enterprises were not carried out at all on some kinds of soil. For example, neither potatoes nor oats were grown on marine alluvium gley on which also the sample was biased towards smaller-than-average farms, probably because the soil was unsuitable for these crops. If particular crops cannot be grown profitably on certain kinds of soil then clearly a map that shows these soils is of value for classifying agricultural land. There is no easy way of including this in the comparisons made by the authors. However, by omitting to credit their soil map with providing such information the classification appears less informative than it really is. Similarly the regressions ignore the zero yields associated with certain combinations of soil properties and so are likely to appear more significant than they should. Both these bias the comparisons between soil classification, and the bias can be avoided only by surveys in which profit or loss is measured for each crop on all soil types.
Except for potato growing, neither soil classifications nor regressions on the variables measured are in themselves good at predicting profitability. We need to search for better ways of mapping soil for this purpose, and a classification based on both morphological properties and others not normally used for classification might be better. However, the analysis of variance of gross margins predicted by multiple regression (authors ' Table VI) does not help. It compounds the errors of regression, which are large (6o to 70 per cent of the total variance remains unaccounted for), with those of the analysis of variance. If anything is to be derived by combining these two procedures, the analysis of variance should be carried out on the residuals from the regression, or regression analysis should be carried out on the deviations from the class means. In this way the two would complement each other by covariance analysis. The proportion of the total variance accounted for would be increased and the relative contributions of the two procedures could be assessed. If a large proportion of variance were still unaccounted for, we should need to consider, first, whether it is serious, secondly, to what other factors in the soil or environment it can be attributed, and thirdly, what contribution is made by different management techniques. Unless the last could be properly assessed the results would remain inconclusive.
In conclusion, the gross profit margins recorded by Cruickshank and Armstrong in their survey in County Londonderry show that maps of soil classification based on morphology have considerable value for agricultural land classification. The soil map was not demonstrably worthless for any of the enterprises considered, and for one, potato growing, the map was exceptionally good. More measurements could well increase the value of soil maps, though this remains to be shown.
